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APSl 'KAlT OF TJ) 1£ Hi S CLOSURE 
Atj Electrode device I'or electrically hetti.in£ underground 
deposits of hydrocarbons such as oil a atul or oil s-hnlo, P jural 
well pipe sections art joined through >.nr.u luted pipe joints with 
2n electrode; connected through one u£ tht; insulated pipe joints 
to fi lower one of t-.hi* pipe sect-ions. Each of the insulated pipy 
joints includes a first tubular member ha\ r 5ng a flange portion 
At dug and UiCTKof, 3 second tubular member having a cap portion, 
at one end nfhich is received in the flan go portion of ^be first 
tubular member with a gap therebetween , and an insulating member 
disposed in the gap ior hermetically coupling the first and 
second tubular members 2nd for electric AViy insulating first 
and second tubular mambsTs £votn one another. 



ELi-CTHGOE DEVICE FOR KLEiCTRICALLY HEATING 
UWDliRUHOJWD DEPOSITS OF HYDKOCAU&OKS 

BACKGROUND OF THE IKVENTION 

The present Ifivoptioa relates to an electric device 

* i* 

used to electrically heat untSDrground deposits of hydrocarbons. 
Wore specifically, the present Invention relates to an electrode 
5 dovice which is used to supply eloctrica.l power to an underground 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a tocer viscosity and hitter fluidity in order 
to more easily remove" there from the yell . 

Tho term 11 hydro carbons" as used 2iereina.fteT means 

10 ■ petroleum or oil, bitumen contained xti oil sand [also called 

n tar sand 11 ) and kerogen contained in oil shale. These will all 
be referred to as 11 oil' 1 for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity, it is possible to extract the oil through the well 

15 cithar by gas pressure coexisting io the oil layer or by forcing 
a liquid such as brine into one well to forco the oil to flow 
out of another well. Hoover, should the underground oil havo 
low fluidity, it cannot be extracted until the oil is made mora 
fluid. A general method of m^ing the oil fluid is to heat the 

20 oil thereby to l&vfc* the- viscosity of the oil. The temperature 
suitable for this is different for different type* of oil. 

There have hce-n proposed as oil layer heating methods 

i- ' 
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t 
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the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of air so that it may 
S be burned, and the .use of explosives. The last two methods are 
difficult to control no that they are xiot in ganoral uso. 

According to the method of injecting the hot water or 
water vapor at a high temperature* and under a high pressure, 
the oil layer is heated to enhance the fluidity of tho dil to 

10 ' cause the fluid oil to flow out to the ground sxirface. If, how- 
ever, some regions of the oil deposit have a low resistance to * 
the flow of hot water or water vapors or there are voids in the 
oil layer, the water or vapors war collect In these regions and 
£ail to diffuse throughout the whole laye-T. J'3oieover 7 if the 

15 oil layer is solid and dense, the hot water or it* va.por* will 
again not diffuse so that the oil layer cannot he heated. 

Heating by the supply of electrical powor is perfumed 
by drilling a plurality of wolls in tho oil layer and "by establish- 
ing potential differences between electrodes disposed in the 

20 wells 50 that the oil layer is heated by its resi^tantzfc to the 
electrical current which flows therethrough * This technique Is 
advantageous in that the oil layer can be wholly haatad with ease 
even if it has voids or is solid and dense. However, another 
device is required for pumping up.: the fluid oil, 

25 For improving the oil producing efficiency, there has 
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further been proposed a miythod which includes a first step of 
bearing the oil Inyor by electrical resistance heating and a step 
of injecting hot water or water vapors at a high te/nperature and 
tmdsr a high pressure when the gij layer become a soft while con- 

i tinuihg the heatirfg so that the resultant fluid ail may be pumped 
outr In order to efficiently heat the oil layer, the electrode 
device must be suf f inicmtly electrically Insulated that the leak- 
age of etcctxicfliiy current into underground port ions other th$T* 
the oil layer is avoided as much as possible Tha electrode de- 

10 vita Is also required to be unbreakable* with respect to the under- 
ground soil pressure, the pressure of th« vapors which are gener- 
ated by the heating operation, and the pressure of injected hot 
water Or hot high pressure- water vapors. The electrode doyic« 
15 further required to be free from leakage of hot water or hot 

IS high pressure water vapors. 

fit order to explain, the electrode device of this general 
type more fully, an example in which the oil is extracted from 
oil STjndt will be described. 

Oil sand, also called ,r tar sand", is present in large 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine between 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially exposed in a valley or at the banks of 



a river bat 5 i< roost often located onttrely underground at l> 
dopth.of 200 to 500 wWIb having a thickness of several twe 
o£ .meters Uue to consideration of fconoi^ And etwiiOjiiWtitAl pro- 
tect ion, it is necessary to separate out the oil underground and 
to extract orxly the oil .frow the well- Moreoyar, since the 
extraction of oil from a shallow underground layer is accompanied 
by & danger of subsldenoe, it: is; desirable to extract oil only 
from underground layers )yi"ag deeper than 300 m. 

Further aspects of the background o± the Invention and 
the invention of the present application described wi th 

the assistance of the accompanying drawings in" wh.ir.jit 

Vig* 1 ia fi schematic sectional view showlncj a 
convex Clonal prior art installation of the general typo with 
vbich the invention is utilised; 

Uig + 2 is a cross -sectional, view of an insula tad pipe 
}oint of the invention; 

Fig* 3 is a or o»s« a actional View showing savor a 1 joined 
pipe- sections, an electrode, and insula fee* pipe joinUa in accordance 
V?ith the invention; and 

Pigs*. 4-7 are a* scries of cross -sectional vIcwb 
illustrating the use of insulating coatings in accordance with 
the invention . 

Pig. 1 illustrate* the' heating OJC an oil sand layer, 
by eloctjrodes couplud to a power supply, in Fig- l, reference 
numeral* 1 had 11 indicate main guide pi?e& made of steal, 2 
and- 12 indicate- insulators joined to the fivaih qui&c pipes l and 

11, 3 and 13 .indicate electrodes joined to the: insulators 2 and 

12, prorations are formed in the electrodes 3 and 13, ana 4 and 
14 indicate-, cable 9 Jor feeding an electric: current to the eXe- 
cti-odss 3 and 13. This assembly ia hereinafter called together the 
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V.lcctvocSe d*vi<:e u . Reference numeral 5 indicator a power 
source . 6 indicate an oil sand lever r 7 indicate:* »d ulcetrio 
curruslt flawing between the el&r.trod&» 3 and 3.3, B indicates the 
grouwS surface, 3 indicates an overburden layer,, and 10 in- 
dicates A Layer below the nil seuiCI layer, 

When a volt aye is appl Led to tho e-LaetrodCB 3 and 
13 which arc buried in the oil nand layer 6 from the power 
source 5 through the cables 4 and 14, tho current 7 flows in 
accordance with the electric resistance of the oil Band layer 
6 as. a result 
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of which the oil sand layer 6 15 heated by Joule or resistance 
heating, Although, the current 7 paztaally flows into the over- 
•burdBn layer & and the layer 10, the leakage is maintained at a 
low level because the insulators 2 apd 12 are Interposed between 
5 the main guide pipes 1 and ll and tha electrodes 5 and IS. AiteT 
the oil sand layer 6 lias been warmed, the pow&r supply is inter- 
rupted Hot water qt water vapors at a high temperature under 
^ a high pressure are thou forced from the upper inlet of 6ncr main 
guide pipe l of the electrode device and flow through the oil 

10 siTjd layer 6 until they come out of the other main guide pipe • 
11 carrying the oil, fn order to improve the flow rates of the 
hot tfAtw or the hot pressure water vapors 7 perforations are 
fdrrJi&d in the electrodes 5 and 13. 

Since the upper portions of the insulators 2 and 12 

IS are connected to the main guide pipes 1 and 11 and the lower 
portions are connected with the electrodes 3 and 13, a down- 
ward tensile stress is always applied to the insulators* More- 
over, since tha assembly can be at a temperature as hi#h as 
250*c to 30Q*C* the insulator* should bo ahle to withstand such 

20 temperatures . Also, since the insulators 2 and 12 are buried 

underground as deep as several hundred meters with the electrodes 
S and 13 suspended from thciT lower ends Kith the upper ends 
thereof connected to the main guide pipes 2 and 12 , the insulators 
2 and 12 will almost certainly contact or collide with the well 

25 walls vhilo they are lowered into the well. Because of the 



- 5 - 



gruat total weight, any Alight contact will impose a hi^h siniclia- 
nical impact upon the insulators 2 and 12« There fore y the 
insulators 2 arid 12 arc required to be able to withstand anticipated 
Levels of mechanical impact.. 

5 In an electrode device which heat s an oil sand layer 

when ii is supplied with &n electric current, a m&j or problem is 
that the olectric resistance in the oil sand layer is approximately 
equal to the overburden layer. Since these electric resistances 
differ depending on place and conditions , they chutidl ^tmcrally 

10 be precisely stated. Hutfovor, avorage valuer are XtMlft-m for 

the oil sand lay or and Iflfl-l&oa-'m Tor the overburden layer. As a 
re-sx;lt 7 if* an electric current is supplied to wo electrode devices, 
which are constructed by competing electrodes to guide pipes made 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, raO.£r of tho current will he consumed in the overburden 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes with an insulating coating 
or to Insulate the electrodes from the guide pipes. 

Various Attempts haire been made to provide insulators 

2D which satisfy the af arer*e tniosied requirements. In one such 
attempt, flanged tubular members made of metal axe coated with 
an organic resin which provides a high resistance to hcitt. An 
appropriate Material is polytetraf luoroethylena resin (£ot example 
"Teflon™" which is trade name of du Pont) . With this 

25 construction, insulating momboxs are provided which are 

satisfactory in their ability to withstand a suspending load 

- 6 - 
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and mechanical impact forces. However, it tins proved Quite diffi- 
cult to coat the flan^© portions satisfactory with t.he insulat- 
ing oiaterial. >fcvraover, even if satisfactory insulating char- 
acteristics are provided at ruom tomperatyre, the Insulating 
5 coat:ng has a tendency to separata, especially around tho flange 
portions* due to repeated therm*! expansion and contraction 
such hs is typically unconnteietl in normal operating conditions . 
if the insulation coating is brolcon or caused to flake off, r.he 
insulators thus produced become useless, 

10 second attempt, porcelain notorial has been used 

for forming the insulators. However, it is also necessary in 
Constructing the insulators to take into account the requirement 
for providing water and oil tight characteristics with respect 
to the connection between ths main guide pipes 1 and l.l and the- 

1S electrodes 3 and 13 as well as between the insulating member. 
Tho connection has generally been made by shrink fitting metal 
f>ip*j,s an the outer peripheral surface of the parcel air) pipe and 
then connected with other metal pipes ordinary techniques such 
as welding or attachment with holts. With this construction, 

20 although the wall or oil tight characteristics may be acceptable 
at room temperature,, the strength of the shrink- fitted joints 
tends to dxop as the temperature is increased scj that the abi- 
lity to support the suspended load is correspondingly lowored. 
Moreover, breakage of the porcelain may taken place as a result 

25 of the stress imposed upon tho leading end portions of the shrink- 
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fitted areas, fn order to eliminate sueb drawbacks, there has 
beer* proposed thg use of a porcelain pipe having ends formed 
as fjange portions with the flanga portions fastened to jiic-tul 
pipes with packings interposed between the contact surfaces. 
5 With this construction > the above- stated requirements 3 re met 
at room temperature* However^ the water and oil ti^bt beetling 
tends to deteriorate upon repeated thermal expansion and con- 
traction . Moreover, porcelain intrinsically lacks stretch 
against mechanical impact forces. Thus, it has a high tondoncy 

10 to he broken by a. mechanical impact force such as is DTdinarrly 
encountered while th<* assembly is lowered through tho well. 
Thus, the provision of a porcelain insulator suffer* fTom the 
unavoidable defect that there is a high tendency of brocage. 

V^t further, insulators foimod of organic polymeric 

IS compounds have been proposed. Although sxich compounds may have 
& High stTongth at room temperature and are quite good electrical 
insul ators , most ol* tlie compounds of this general class are not 
particularly heat resistant, . Speci fi call y, very few compounds 
of this, type aro known which are resistant to hot water or water 
vapor at high temperature and under high pressure * 
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SUMMARY OF Tll£ t JNTC N Tip W 
In accordance ^itli tho invention, there is provided 
an clactrode device for electrically heating underground deposit? 
of hydrocarbons including a plurality of well piue sections, 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying an electric current to the under- 
ground deposits, a plurality of insulating pipy joints GKch 
Including a first tubular member having a flange portion at one 
end thereof, a second tubular member having a cop portion at 

10 one end thereof adapted to be received in the flan&t; portion 

of the first tubular mgrabex with a gap therebetween and an in-* 
sulating memhe-r disposed \v the gap between the flange portion 
and the cap portion for hermetically coupling the first and 
second tubular members while electrically insulating them froan 

IS one another And with, the insulating pipe joints being us erf to 

couple at least some of the pip** sections together and the elec* 
trade to cme of the pipe sections, and a cable connected to the 
electrode for supplying an ele-ctric current thereto. 

At toast SDmu Df tho insulating pipe joints can bo 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first insulating portion disposed in the 
gap bctt/eun the flange portion in the tup portion and second 
in5\3}ating portions disposed adjacent inner and outer surfaces 
of the tubular members with the first and second Insulating por- 

25 tions being formed integrally with each other* Preferably, the 
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insulating jufiinbei; of each of. the insulated pipe . jOiutG J.l; j«ado 
oE a gluss-jaica welding .Corjactd f:rom pov/ders of- glas* and mica. 
An. insulating coating may be provided on at leufct A portion of 
the outer ^ar toco of the insulated pipe [joints, This coat lug 
way be a reain" of polyt6tr L Hf luorouthylouu r a resin of d\phenyl 
oxidt*. >loreovcr r a protective layer of insulation can be 
proyruSed around at least, a portion of the insulating editing. 
The protective layer may be an inexpensive material aucti as 
polyethylene, puiyprooylene or polyvinyl chloride. 

Further object* and advantages of the invention will 
appear from ths following description t&kcn together with the 
acdOrftpan ied drawings. 

in accordance with the invention, thoro ic provided 
an Bleutrical heating electrode device which is entirely froa of 
the above-mentioned draitfbacfcs* A preferred embodiment o£ 
the eloctroao device of. the invention will be described in detai 
£irBt with rtiJIoronce to Fig. 2 which shows a cross -sectional 
view of an insulated pipa joint 21 which is Utilised with the; 
electrode device Of the invention. 

The pipe joint generally designated 21 in Figure 2 
COlnpr i S e3 fDur basic elements z 

a first tubular member 77, a second tabular: metmbar: 33, 
a cylindrical sleev*a-lik& cov&r member 29, and an insulating 
member 35. 

•rhe first tubular jriOA»b&r 22 comprises a cylindrical 
tubular portion 23 with a radially i>utwurdiy extending flange 
portion 2 A at a Lower find as Shown. 

The second tubular member 33 comprised a cylindrical 
tubular portion 30 with a radially outwardly extending hub port. 
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25 at an upper end ^hO-wn, The into.rior diameter of tabular 
portion 30 of th& sucond tubular number 33 ehovn ide.nt.tc a 1 
to the interior diameter, of tubular portion 23 of the first 
tubular, wewber 7.2 r 

Hub portion 2!i of the 2nd tabu). fir member 33 is provided 
with an internal annular recess 31 as. shewn. Huh portion 2 5 
is also provided with external thread b 32 which inate with 
threads 29 .on cover member 29 to be- described, 

Slceve-likc cover member 23 comprises a cylindrical, 
Uubul&r , drum-like portion 26 with, internal threads. 28 at one. 
lover end as shown in Figure 2 and a radial 3 y inwardly extending 
eap portion 27 at the other upper end. As shown, tubular portion 

26 haG a larger internal di^iuetBr that the external diameter 
OE flango portion 24 of the first tubular member 22 so as tD 
provide a grap therebetween to be occupied by insulating member 
3S, Cap portion 27 of cover member 29 hae an internal diameter 
larger than the external di&roeter of tubular portion 23 of tho 
first tubular jneinber 7.2 so as to form a <yap therebetween. The in- 
ternal diameter of cap portion 21 is smaller than the external 
diameter of flanga portion 24 of ths first tubular member 22. 

preferably the first tubular member 22 , second tubular 
member 33 and cover member ?,& are made from steel. 

Insulating member 35 includes an, on.ter .circurof erentially 
insulating portion 36 which surrounds external surfaces of 
tubular portion 23 of first tubular .member 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular recesa 31 of hub portion 25 of the second tubular member 
33. The inner insulating portion 37 has the same internal 
diameter as that of tubular portion 30 of the second tubular member 
33, As may b© sfcen, insulating .member 35 comprl&es an integral 
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j member extending frotn portion 3e> thereof to portion 37 thexeof. 
Integral insulating member 35 tftus space b surfaces of. the Cirtrt 
tubular member 22 front surfaratR of eecOnd tubular mOJQbor 33 and 
cover member 29 by a gap occupied as seen in figure 2 hy insula tiny 
member 35, Insulating member 35 inEiilates first tubular ^OTobor 
22 fro/n contact with second tubular member 33 <mfl cover niember 
2£>. 

With cover Fftember 29 screwed down onto second tubular 
member 33 afi shown in Figure 2, flange portion 24 of first tabular 
30 member as encased by insula ting member 35 ia sandwiched between 
cover moiobc.r 73 and the u^per end of hub portion 25 of the 
second tubular member 3 3, whereby insulating menibeo: 35 may form 
a hernia tic #eal between first tubular merobex 22 and second tubular 
jocmber 33, 

By screwing cover member 29 onto, second tubtilar 
member 33 , first tubular- mother .22 may be firmly, sealahly coupled 
to second tubular member 33 yet insulativeiy isolst^. there from. 

in assembly, first- tubular portion 22 may be inserted 
through cover member 29 following which cover member 29 may be 
20 screwed onto second tubular portion 33. The. insulating member 
35 may be e&en to occupy a cjay between the first tubular raeiabcr 
22 and the combination of the second tubular member 3 3 and COVOK 
member 2&. 

Preferably, the entire- insulating member is made of 
a COJitpnjvition of glasfc and mica and is formed by a molding pro- 
cess. The insulating actfijubar is formed by heading a mixture of 
powers o£ glass and mica bo a suf f ioiently high temperature 
that the mixture become b fluid. Once the mixture is fluid, it 
i* pressure molded a mold of appropriate shape. The for— 

3° toation of the insulating member 35 will be deacirbod in more 
detail. 
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| Tho first: tubular membor 22 and thfi Becond tubular 

member 13 are assembled tc be positioned shown in Pig. 2 and 
are then heated to a predetermined temperature* The two tubular 
membuxs at the elevated temperature) arO fitted into a T s iold, 
Next/ 3 mixture of glass and mica powders is pie^rcd by pre- 
molding the mixture, into Che farm oil a preliminary molded member 
of a cylindrical shape which tfill xit i r> the gay between the 
tubular portion 23 o* tbo tirst tubular member 22 and eover member 
2£. The preliminary molded member is heated to a predetermined 
10 temperature and fitted in the <*ap in a heated condition. Next, 
a p reB p Ure i e applied to the pre! J.wlnary molded Member before 
it coo la to force the* material of the inattber" to i'lovr into the 
gap betwe-en the first and second tubular members find into the 
internal annular recent; 'Si in the second tubular Kiomber 33 * 

jror the material of the preliminary molded mamber r 
45 vttfc of glass povd&r prepared by pulverising a gla?;e used for 
enamel coating steel object*, eo/amareially available' as Product 
Uo. 2312 of Nippon Ferro, Atd., to a eise of 2 00 mesh mix&d with 
55 wtft of mica powder of synthetic phlogopaite of a bIk^ of 
20 6(1 to 200 mesh. 5 wt% of water is added to the resultant mixtura 
to. tfet it »o it can be tnoldod. 1500 tftti o± the netted mixture 
is molded using a CO Id pressure maiding process to form Q cylin- 
drical^ shaped body using a mold (rot- shown) . Tho preliminary 
molded irtOJttbeJt: wa» disposed in a drier at 120 a C for two hours 
to dry it prior to its use in forming the insulating member 35 • 

Ae described above/ the covbi: Member 29 and the bub 
portion 25 arc- joined by scrert threads, However, the invention 
is not Ilntited thereto as the cover member 29 and the hub por- 
tion 2!? can bo joined by welding. 
30 rn an alternate crnbocl5.tnetit r the cap portion 27 of 
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1 the cover member 29 ifl divided into four quadrants two of vfoic'fl 
axe removed, rhe flange, portion 24 of the first tubular .member 
22 if; then out vuuh that the reniaininrj part oC the Ilantjc portion 
24 oan JCit through tht? two reunuvod quadrants of: the* csap portion 
27 so that the flange portion 24 can be located undex the cap por- 
tion 27 the cover mmnber 2?>. 

V/"i I'h the insulated p:>pe ]oint describe*? aboye, a ten- 
sile force; imposed on the ends of the joint is converted into a 
coinpreBBive force wl\ioh acta between the cap portion 27 nnd 

to flange portion 24. b'ince the compression p Length of the insulating 
jaerobQr 35 of the type described is much greater than its tensiie 
strength and since the force par Unit area can bo suitably PC t 
by adjusting the exUeut of the area on which the coroprEBsivE 
forces arc applied > the resulting assembly is quite strong and 
able- tD Tfiths-tand hitfh t&atfile. forc&s imposed on the ends of the 
joint* 

JVt high temperatures, for instance 30Q°C, the heat 
reyiE+.ant characteristics of the insula tin^ member arc primarily 
determined by the thermal characteristics of the glass material 
20 usfcd as i^be starting material. Particularly, the transition 
temp era txire of this imatorial 5 s important. If the transition 
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tempera txrre is, for instance, in * range of SSft ,fr C to 600 C. 
a high mechanical strength for the overall assesnbiy will be 
preserved to a temperature Df at leapt 300* C. 

Tfith lospect to the rosls Lance to mechanical impact 
<; forces", the mica powder which is nscd to form the insulating 
member is composed of particles having a flat shape where ^ 
the ratio of the diameter to the thiclcness of a single scaJ* 
particlo is generally in a .range of 30 to 50:1, Due to the 
presence of the scat* particle?, the molded insulating roemboi' 
10 has a laminated form thereby providing it with a nifth elasticity. 
This high elasticity would not "be present if the insulating 
member were formed only of glass powders. Due to the laminated 
construction, the insxilating member is provided with a much 
greater resistance to repeated temperature changes and mechanical 
IS impact f areas then is * prior art type of insulating ^sifter made 
of an inorganic compound. Therefore- , the insulation member 
produce** in accordance with the invention is sufficiently strong 
that it can withstand the typical impact forces which arc en- 
countered during the of the structure * 
2ij Next, the construction of -a preferred eAtoodircent 

of ajt. electrode device of the invention utilizing the ahove- 
doscribed insulated pipe joint 21 will be given vith reference 
to Pig. 3, Reference numerals 1 to 4 used in Fig. 5 indicate 
similar components as those of Fig, 1. The righthand half of 
25 nig, 3 shows the completed structure of the insulated }>Ipe joint 
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21- As s>iown in the .figt^re, the hu.ulatiug member 2 includes 
tKD insulated pi/pe joints 21, One end of [.he insulating member 
2 is connected to the pipe 1 and the other to the electrode 
3, These connections may bp auprtu hy we'll -known techirimios such 
as wolding ox by the use of screw threads. 

As, in accordance with the invention the completed 
jnsuln.t.L>d p-i joint 2 3 has a common throu^hhole of tnastaiit 
internal diameter > the assembly and use thereof is quite easy. 
For instance, the provision of the above-described partitions 
is quite simple. Of cour&B, mora than two insulated pip& joints 
Zl can be provided as needed. Also, one of the pipe joiuts 21 
can be connected directly to the pipe 1. 

If ne-e-ded, such as in the case brim* having a high 
salt concentration is used, the outer surface of the insulated 
pipe joint 21 can be covered with a coating 41 of an organic 
substanco having a sufficiently high heat resistant property. 
This is shown in the Infthand part of Pifc. 5. For example, tlie 
coating 41 can be formed hy shrink fitting a "Teflon M tube. 

Aji described above, in accordance with the Invention, 
tho pipes and tha otoctrodes arc connected through the insula tod 
pipe joints. Tensile forces applied at the ends of th-e- insulat- 
ed pipe joints are converted into compression forces vhich act 
between the cap portions and the flange portions thereof. Since 
the compression strength of the insulating member is much greater 
than the tensile strength thereof, the overall electrode devico 
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of the invention has h c^uito high mechanical. strength and can 
withstand high pressures and strong mechanical impact forces 
50 that it can be used under severe operating conditions often 
encountered in oil ^ell application. 

S Yet further* the coating 41 and the insulating members 

2 and 12- of the electrode can bv formed from, other materials. 
To determine what materials are best for these members, tests 
were conducted to investigate the resistance of various organic 
polymeric compounds to hot vacer and v/ater vapor at high temperature 

10 and under high pressure. The compounds investigated are listed itx 
Table 1 herein* 

Regarding the tests, test pieces of each of the materials 
were placed in quartz test tubes trilled with pure water. These 
test tubes were placed in a 2 -liter autoclave containing pure 

15 water. The autoclave vas held at 2&£>°C at an internal pressure 
oi SB kg/cm 2 for a period of 10 days, ThB autoclave- was then 
cooled to a room temperature and the test pieces vein checked for 
appearance. The results axe presented in Table 2 from which it 
can be seen that hot water and steam had a much more adverse affect 

20 than dry heat. Of the materials tested* only polytetraf luoroeth/lene 
resin and diphenyl oxide resin ware acceptable. 

A coating of vat er. and stoam resistant resin can bo 
formed ground the pipe 1 by repeatedly applying coatings of the 
raaterial. end baking the assembly until the desired thickness is 
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obtained. Also, a coating of- the heat T-esistant rev*n cart be 
formed by iirst prepaTiH£ a tube ol tho resin having an Inside 
diameter slightly larger than the outside diameler of the pipe 
l:.and then 5 lipping the tube over the pipe 1, If the resin 
5 is in the form of a sheet or tape, it ma/ be wound directly around 
the pipe 1 and then fusion -bonded if uewssaty. As described 
above, a heat -shr ink able tub* of polytetraf luoroethyl^e can 
bo slipped over the pipe 1 cmd heated to fit it tightly to the pipe. 
As discussed above, viheo the assembly including the 
10 electrode is inserted into the oil well, there is unavoidable 
contact .with the- inner wall of the well so that the heat 
resistant Insulating coating roay be damaged. To prevent this, 
protective coating o£ insulation 16 may be formed around the 
insulation 15 as shown in Fig, 5. Since the protective coating 
XS of insulation 16 may melt or collapse if the electrode is 

exposed to hi$h temperatures, it can be made of an inexpensive 
raatevial such as polyethylene, polypropylene *r polyvinyl chlmide. 

Typically, the total length of the guide pipe 1 is 
200 to 500 m. Howler, a single section of this steel pipe that 
20 makes up the fuito pipe 1 is only about 10 nt In length, To join 
the pipe sections, each pipe section is provided with a taper 
thread <m one end and the pipe sections are joined by screwing * 
them together. An insulating coating must also be formed around 
the joined parts of the pipe sections and o* the surface of the 
25 coupling- To accomplish this, as shown in Fig, 6, steel pipes 
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1A and lb are covered with the coaUug of heat resistant insulat- 
ing material ISA and IFH and arc joined by a coupling IV. A 
coating of heat Tssistant initiation 15C is formed aTounc* the 
coupling extending into adjacent areas, A heal-shr inkable tube 
5 of k ^olytetrafluoroethylejie is particularly suitable in this 
case. 

To protect thu insulating coatings from direct contact 
with the inner va2 1 of the well* steel pipe sections lA and IB 
covered with the coating of hoat resistant insula ting material 
*° ISA and 1SB and protective coatings of insulation 16A and 16E 

are first joined through the coupling 17 > Thereafter > the coupling 
16 is coated with the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as sho(/a in Fig, 7. 
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1A and ifc are covered with the coaUug of heat assistant insulat- 
ing matexial lb A and 1FR and arc joined by a coupling 17* A 
coating of heat -resistant insulation 15C is formed around the 
coupling extending iutD adjacent areas, A heat-shxi.nkable tube 
£ of a pDlytetrafluoToethylejie is particularly suitable in this 
ease. 

To protect thu insulating coatings from direct contact 
with the inner va2l of the well, sto^l pipe sections IA and IB 
covered with the coating of heat resistant insulating material 
lfl 1.5A and 1SB and protective coatings of insulation 16A and 16B 

are first joined through the coupling 17, Thereafter > the coupling 
16 is coated \fith the h»at resistant insulation 15C and thou a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as shorn in Fig, 7. 
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Table 2 



Sampl e A ppearance 

A OK. 

B Turned into a luropt 

C Ho, 

b ' Collapsed 

EI OK- 

F Do + 

G * Tamed into a lump. 

H Glass whitened 

(Resin csune apart) 

I DO. 

J Do. 
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WHAT 2<i Cl.ABfol) I'S: 

1. An electrode device for electrically heating under- 
ground deposits of hydrocarbons comprising: a plurality of woll 
pipe sections; an electrode adapted to ha disposed in an under- 
ground deposit of hydrocarbon* for sxipplyiyig az\ electric current 

5 to snid underground deposit; a plurality of insulated pipe joints 
each including a first tubular member having a flange; portion 
at one end thereof, a second tubular member having a cap portion 
at one end thereof adapted to be received in so id ilange portion 
of said first, tubular member i/ith a jfao tliDrtbctwoon, and an 

10 insulating member disposed in said gap between said flange /por- 
tion and said cap portion for hermetically coupling said iirst 
and iiOtond tubular member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe Joints being operatively disposed i'o couple at loast some 

IS of said! pipe sections and said electrode tfbile electrically 
insulating said at least some of snld pipe suctions and said 
electrode^ and a cable connected to said eLectrode for supplying 
an electric current to said electrode. 

2. The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are IntcrcDcmect-cd. 

3. the electrode device as sot forth in claim 1 therein 
said insulating member of each .oC said insulated pip^ joints 
comprises n first insulating portion disposed in said gap between 
said flaoge portion aod said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tubular members, said first and second insula Liii£ portions 
being formed integrally with each other. 

4. ilio electrode devico as set forth in claim 1 therein 

5 said insulating mombcr of o*cb of said insulated pipe joints 
15 made oT a gl ass- -mica molding forced from glass pnd mica 
povftlcrs * 

Tho electrode device as set fcrrth in claiiii 1 further 
comprising an sn-suUting coating profiled op at. least a portion 
10 of an outer surface of said insulated pipe joints. 

6. The electrode device as set forth in claim S. wherein 

said insulating coating is:polyte-tranuorDctbyl ene , 
7 # Th© electrode device as set forth in claim 6 where iu 

said insulating coating comprises a resin of thermally shi'inkable 

15 po ly t e t r a J: luor o et hy 1 ene. 

r. The electrode device as set forth in claim 5 ^herein 

said insulating coating comprises a Tcsin of dipoBnyl oxide. 

9, The electrode device as set forth in any of claims 5-7 
further comprising a protective layer of insulation .upon at : 

20 least a portion of said insulating coating* 

10. The electrode devicD as set forth in any of claims £-7 
fuxthev comprising a protective layer of insulation upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a material selected from the 

21 group consisting of polyethylene, polypropylene and polyvinyl chloride* 
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II, An ci*nf;rock'. flevicR for Lilac tr Really beating uncler- 

ground deport* Di hydrocarbons compr j.Ciitvig a plurality oi int-^r- 
connected well pip* Bectione, an c-lootrodft adapted to bo tfispoBed 
ia an un3era,rour*c? depnait of* hydrocarbons sullying clccurrtc 
current to said underground deposit, at least una insulated pipt* 
joint including a first tubular jneiftber comprised of a well pipe 
section having a flamjC portion at une end thereof , " tecend tubu- 
lar member cOinpii&ud of: sat id electrodes deponed in LiligntiiDrit 
with said ±irfct tubular member, a cOyor mcrobsr carried by saf.d 
second tubular member having d cap portion at one end thorco.C 
disposed in overlying relation to aaid l^laagc .portion above said 
firgt tubulm inomb&r with, a gap therebetween, an insulating member 
disposed in bald gap between eaid flangu portion and said cap 
portion for hermetically coupling said first and second tubular 
member n»<3 for electrically insulating said first and second 
tubular members from one another, cable mean? connected to said 
electrode for supplying an electric current to said eloctxofie and 
an Insulating coating provided on at least an outer surface of 
said Insulating pipe }oiafc« 




